Objectives: Induction of the 70 kd heat shock protein in the heart is known to exert a protective effect against postischemic mechanical and endothelial dysfunction. However, the exact site of induction and the mechanisms involved remain unknown. The aim of this study was to investigate the relative capacity of endothelial and myocardial cells to express the 70 kd heat shock protein in response to heat stress, as well as their significance. 
H eat-shock proteins (HSPs) are synthesized in most cells in response to an increase in temperature or after exposure to a variety of physical or chemical stimuli. 1 Most are constitutively expressed in normal, unstressed cells, where they play an important physiologic role by facilitating several aspects of protein maturation in the cell, hence they have been called "molecular chaperones."
2 They also play a role in cellular homeostasis in a variety of clinically relevant conditions, including malignancy, immune responses, infection, and ischemia. 3 Compelling evidence now exists that induction of 70 kd HSP (HSP70), the most abundant and the best studied HSP, is associated with an enhancement of cardiac mechanical and endothelial function after ischemia. 4 Endothelial function is known to be of major importance in the maintenance of basal coronary flow and normal mechanical function, 5 although the integrity of postischemic coronary endothelial cells has become an important issue in the general strategy of myocardial protection. 6 The contribution of cardiac myocytes and coronary endothelial cells in HSP70 expression has not been investigated. The aim of this study was to investigate the relative amount of HSP70 induced in these cellular components.
Material and methods
Experimental time course. Five series of experiments were performed in this study. Series 1: four groups of hearts (n ϭ 6 in each group) were studied to evaluate the preischemic and postischemic (4 hours of hypothermic cardioplegic arrest at 4°C) endothelial and mechanical function in control hearts perfused with Krebs-Henseleit carbonate buffer (KH) (group 1) or saponin (group 2) and in heat-shocked hearts perfused with KH (group 3) or saponin (group 4). Series 2: four similar groups (n ϭ 6 in each group) were used to evaluate the relative amount of induction of 70 kd HSP in the whole homogenate by Western immunoblotting. Series 3: Hearts from all four groups (n ϭ 6 in each group) were used to assess the preischemic and postischemic wet weight. Hearts were disconnected from the Langendorff apparatus, weighed, and reconnected. The time taken for the disconnection, weighing, and reconnecting ranged from 21 to 33 seconds. Series 4: Hearts from heat-shocked (n ϭ 4) and control (n ϭ 4) animals were used to evaluate induction of 70 kd HSP (iHSP70) in isolated endothelial cells and myocytes. Series 5: Hearts from heat-shocked (n ϭ 6) and control (n ϭ 4) animals were used to visualize iHSP70 in isolated endothelial and myocardial cells by immunocytochemistry.
Animals. Sprague-Dawley rats weighing between 300 and 330 gm were used in all experiments. Male rats were used to avoid a potential lack of homogeneity related to hormonal cycle. Six hearts were studied in each group. In all studies, animals received humane care in compliance with the "Principles of Laboratory Animal Care" formulated by the National Society for Medical Research and the "Guide for the Care and Use of Laboratory Animals" prepared by the Institute of Laboratory Animal Resources and published by the National Institutes of Health (NIH publication 86-23, revised 1985) .
Induction of heat stress. Rats were anesthetized with an intraperitoneal injection of sodium pentobarbitone (50 mg/kg), then placed on a temperature-controlled heating pad (IMS K-Temp control unit; Congleton, Cheshire, United Kingdom) set at 45°C until body temperature reached 42°C. Body temperature was monitored with a rectal temperature probe and maintained between 42°C and 42.5°C for 15 minutes as previously described. 1 The animals were left to recover for 24 hours before analysis of mechanical function or determination of HSP70 content.
Isolated working rat heart preparation. The isolated working rat heart preparation, which has been described in detail elsewhere, 7 was used in this study. In this left heart preparation oxygenated KH (NaCl, 118.5 mmol/L; NaHCO 3 , 25 mmol/L; KCl, 4.75 mmol/L; MgSO 4 , 1.19 mmol/L; KH 2 PO 4 , 1.18 mmol/L; CaCl 2 , 2.5 mmol/L), pH 7.4, containing glucose (11.1 mmol/L) and gassed with 95% oxygen and 5% carbon dioxide at 37°C, enters the cannulated left atrium and passes into the left ventricle, from which it is spontaneously ejected through an aortic cannula against a hydrostatic pressure of 100 cm H 2 O. The heart continues to eject as long as the pressure generated in the left ventricle is greater than 100 cm H 2 O. Total cardiopulmonary bypass with maintained coronary perfusion can be simulated by clamping the left atrial cannula and introducing perfusion fluid at 37°C into the aorta from a reservoir 100 cm above the heart. With this preparation, which is essentially that described by Langendorff, the heart will continue to beat but does not perform external work. Several parameters, including cardiac output (CO)and coronary flow, are measured to assess cardiac function. Ischemic cardiac arrest may be produced by clamping the aortic cannula. At this time a cardioplegic solution is infused into a sidearm of the aortic cannula. During the ischemic period the heart is maintained under hypothermic conditions (4°C) by a cooling circuit. Endothelial function. Endothelial function was assessed through observations of preischemic and postischemic coronary flow responses to 5-hydroxytryptamine (5-HT). This vasodilatory response is endothelium dependent. In the intact endothelium, 5-HT causes vasodilatation through the release of NO, whereas in the presence of endothelial damage it causes vasoconstriction by a direct effect on smooth muscle. Our protocol for this test has been described by us in earlier studies. 8 We have previously shown that perfusion of the isolated rat heart by 5-HT leads to an increased secretion of nitric oxide in the coronary effluent. Endothelium-independent vasodilata-tion, as assessed by the response to glyceryl trinitrate, has been shown to be unchanged by a similar protocol (i.e., 4 hours hypothermic [4°C] cardioplegic arrest). 8 After excision of the heart and aortic cannulation, Langendorff perfusion was initiated at 37°C. Coronary flow was monitored by an in-line electromagnetic flow probe (ECM2 20 ml, Scalar, Delft, Holland) proximal to the aortic cannula, connected to its compatible flowmeter (MDL 140 l, Scalar). This provided an accurate (0.0 to 40.0 ml/min) digital readout of mean coronary flow and simultaneous hard-copy recording through a connection with a chart recorder (series 3000, Gould Electronics, Hainault, Essex, United Kingdom) that allowed accurate monitoring of steady state conditions (Ͻ0.3 ml/min change in coronary flow over 3 minutes). The calibration of the flow meter is performed using the company manual and by collecting coronary flow in a measuring cylinder over 1 minute. After 9 to 13 minutes, the initial baseline coronary flow was recorded. The Langendorff infusion was switched to one containing additional 10 Ϫ5 mmol/L 5-HT (Sigma Chemical Co., Poole, Dorset, United Kingdom). The ensuing vasodilator response was monitored and when the steady state had been reached (between 5 and 7 minutes), the coronary flow was recorded. After this period, 5-HT was washed out by switching back to ordinary KH until a steady state had been reached (between 5 and 7 minutes).
The heart was then subjected to a 10 ml hypothermic (4°C) infusion with the cardioplegic solution and maintained immersed in the same solution for 4 hours at 4°C. At the end of the ischemic period, the heart was reperfused in the Langendorff mode at 37°C for at least 15 minutes. When the baseline coronary flow had been reestablished, the heart was again subjected to the same protocol of sequential infusion of 5-HT and KH as in the preischemic period. The rationale of using the steady baseline coronary flow has been detailed in our previous study.
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Endothelial cell removal with saponin. To assess the importance of HSP70 induced in endothelial cells, endothelial function and mechanical function were assessed and compared in hearts perfused with or without saponin. This potent detergent agent has previously been shown to remove endothelial cells. 9 Hearts were perfused with saponin (30 g/ml) dissolved in KH solution in three cycles, each consisting of a 2-minute perfusion period that preceded the ischemic interval.
Isolation of myocytes. This technique has been described in detail elsewhere. 10 Hearts were perfused for 1 minute in the Langendorff mode with Krebs buffer to remove all traces of blood, and then a piece of ventricle was sliced quickly into pieces of approximately 1 mm 3 using razor blades. The pieces of myocardium were incubated for a total of 12 minutes at 35°C in 25 ml of low-calcium medium containing the following composition (in mmol/L): NaCl, 120; KCl, 5.4; MgSO 4 , 5; pyruvate, 5; glucose, 20; taurine, 20; HEPES solution, 10; nitrilotriacetic acid, 5; pH, 6.96; containing 1 to 2 m calcium. The medium was changed three times during this incubation and was stirred by bubbling with 100% oxygen. The low-calcium medium was removed by filtering through 300 m gauze. The pieces of myocardium were then incubated at 35°C for 45 minutes in the same solution but with nitrilotriacetic acid omitted, and 4 IU/ml type XXIV Protease (Sigma) and 30 m calcium added, followed by two 45-minute incubations with the protease omitted and 400 IU/ml collagenase (BCL, Boehringer Mannheim, United Kingdom Ltd.) added. The medium was shaken gently throughout the incubation and kept under 100% oxygen. At the end of each 45-minute period the solution containing the dispersed cells was filtered through 300 m gauze and centrifuged at 1000 rpm for 1 to 2 minutes. The cells were then washed twice by centrifugation in KH.
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Isolation of endothelial cells. The method used to isolate endothelial cells has been described in detail elsewhere. 11 The fat, epicardium, and endocardium were removed from the ventricular tissue and diced up using razor blades. An amount of collagenase type II equivalent to twice the volume of tissue was added, and this was incubated for 1 hour at 37°C with agitation. Hanks medium with 5% FCS (fetal calf serum) was added and the digest and spun at 1400 rpm for 10 minutes. The supernatant was gently poured off, and the pellet was washed in 10% bovine serum albumin (BSA) and spun at 1000 rpm for 7 minutes. The pellet was again washed in Hanks medium with 5% FCS and spun at 1200 rpm for 6 minutes. The pellet was then incubated with twice its volume of trypsin-ethylenediaminetetraacetic acid (EDTA) (0.25% in 1 mmol/L EDTA) at 37°C for 10 minutes with agitation. After this period, the tissue was washed twice in Hanks medium with 5% FCS at 1200 rpm for 6 minutes and filtered through 100 m gauze.
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Assessment of heat shock protein expression. The induction of HSP70 was assessed by sodium dodecyl sulfate (SDS), polyacrylamide gel electrophoresis, and Western immunoblotting as previously described. 4 Whole heart homogenate, isolated endothelial cells, and isolated myocytes were solubilized in 1% wt/vol SDS and assayed for total protein with the Bradford assay, denatured by heating at 100°C in Laemmli buffer, and separated on 10% SDS gels until the bromophenol blue tracking dye reached the end of the gel. Gels were equilibrated for 30 minutes in transfer buffer, and transfer of the proteins was performed for 1 hour at 500 mA. Western blots were blocked using 3% wt/vol nonfat dried milk (Marvel) in phosphatebuffered saline solution (PBS) containing 0.05% wt/vol Tween-20 (PBS-T) for 1 hour to block nonspecific binding sites. The blots were then probed with mouse antibodies specific to inducible HSP70 (Bioquote Ltd, United Kingdom) diluted to a final concentration of 1:1000 for 1 hour. Blots were washed three times and incubated with secondary horseradish-peroxidase-conjugated rabbit antimouse antibody for 1 hour. The result was visualized using an enhanced chemiluminescence (ECL) detection system (Amersham). Hyperfilm MP (myoperoxidase) was exposed to blots treated with ECL for 30 seconds and developed in an automatic film processor. After ECL exposure, antibodies were removed from blots by incubation in a solution of 2% wt/vol SDS, 6.25% vol/vol 1 mmol/L Tris-HCl, pH 6.8, and 0.7% vol/vol 2-mercaptoethanol. Proteins were then visualized by staining with 0.01% Amido Black in a solution of methanol, water, and acetic acid (ratio of 45:45:10 vol/vol). Amido blackstained blots and ECL films were scanned with a Molec-ular Dynamics 300A laser densitometer and HSP70 levels determined as a proportion of total protein loaded using the Quantity One software package (PDI, Huntington, N.Y.).
Immunocytochemistry. Rat hearts were sliced into pieces approximately 5 mm thick and snap frozen in liquid nitrogen. Six hearts from rats subjected to heat shock and four hearts from control groups were analyzed. For each heart, four serial frozen sections, each 6 m thick, were cut onto glass slides, allowed to dry for 30 to 120 minutes, and subsequently fixed for 15 minutes in acetone before the immunohistochemical procedure. Sections were incubated for 16 hours at 4°C in either monoclonal mouse antibody to the inducible form of heat shock protein 72 (iHSP72) (Bioquote Ltd., United Kingdom) at a dilution of 2 g/ml or to endothelial cells with the antibody RECA-1 (Serotec, Oxford, United Kingdom) provided as a supernatant and diluted 1:150. Negative controls included incubation of sections in antibody diluent only or in an irrelevant IgG 1 monoclonal mouse antibody used at 2 g/ml (Prod. no. X0931, Dako Ltd., High Wycombe, United Kingdom). This corresponds to the same immunoglobulin subclass as the iHSP72 and RECA-1 antibodies. All sections were subsequently incubated for 30 minutes at room temperature in biotinylated rabbit antimouse F(ab) 2 at a concentration of 0.002 g/ml and prepared at least 60 minutes before use in a 5% solution of rat serum. All antibodies were diluted in 0.005 mmol/L Tris-buffered saline solution, pH 7.6. After this, sections were immersed for 30 minutes at room temperature in streptavidin biotin-horseradish peroxidase complexes (Dako Ltd.), which had been prepared at least 30 minutes before use by diluting the components 1:200 in 0.05 mmol/L Tris buffer, pH 7.6.
12 Sections were then treated for 5 minutes with a diaminobenzidine hydrochloride/hydrogen peroxide substrate, prepared according to the manufacturer's instructions (Prod. no. D5905, Sigma, Poole), to visualize the antigenic sites. Each of the above stages was followed by three 5-minute washes in 0.005 mmol/L Tris-buffered saline solution, pH 7.6. The sections were then rinsed in cold running tap water, counterstained with Mayer's hematoxylin, washed again in cold running tap water, and then dehydrated through graded alcohols cleared in CNP30 (Merck, Lutterworth, United Kingdom) and mounted in DPX mountant (BDH, Poole, United Kingdom).
Statistical analysis.
Postischemic recoveries of mechanical function and coronary flows were compared using two-way analysis of variance (ANOVA) with Scheffe's correction factor. Statistical significance of differences between groups was determined with a nonpaired Student's t test, and significance was assumed when the p value was 0.05 or less. Values are given as means Ϯ standard error of the mean (SEM). Preischemic and postischemic wet weights were compared with a paired t test.
Differences between postischemic wet weights were compared using ANOVA with Scheffe's correction. Levels of HSP70 were compared using a nonpaired Student's t test.
Results
Cardiac endothelial and mechanical function and coronary flow. Table I shows preischemic and postischemic indices of cardiac mechanical function CO and endothelial function as assessed by percentage change in coronary flow in response to challenge with 5HT (En Fn), as well as recovery of function as assessed by the same measurements after ischemia. In the heat-stressed group, the postischemic recovery (as percentage of the preischemic value Ϯ SEM) of CO and En Fn were significantly improved when compared with the control group and was: 66.9 (6.9) versus 49.5 (4.5) (p Ͻ 0.01) and 65.8 (7.1) versus 31.0 (5.2) (p Ͻ 0.02), respectively. The beneficial effect of heat stress was abolished by saponin treatment: the postischemic recovery (as percentage of the preischemic value Ϯ SEM) of CO and En Fn was significantly reduced to 44.7 (6.9) versus 38.0 (4.0) (p Ͻ 0.05), -1.9 (3.8) versus -3.6 (4.2) (p Ͻ 0.001), respectively. Preischemic and postischemic coronary flow data are shown in Table II . After heat stress, no significant difference was found in postischemic coronary flow compared with control hearts. However, saponin before treatment induced The Journal of Thoracic and Cardiovascular Surgery Volume 115, Number 1 a significant reduction in postischemic coronary flow compared with non-saponin-treated hearts, but no difference was found between heat-stressed and control hearts after saponin treatment. Wet weight of heat-shocked and control hearts subjected to endothelial denudation. The preischemic and postischemic weights are reported in Table  III . In all groups the postischemic weights were significantly higher. In contrast, no statistically significant difference was found in the postischemic wet weights between the groups.
Immunocytochemistry. General background staining in all heart sections was comparable. Only sections of hearts from heat-treated rats showed any strong specific reaction with the iHSP70 antibody (Fig. 1) . The positive staining was seen in cells surrounding myocytes rather than in the myocytes themselves as originally expected. The distribution of iHSP70-positive cells appeared to have a similar pattern to that seen with endothelial cell markers in cardiac tissue. Therefore serial sections of hearts from rats killed after heat treatment were used to demonstrate both endothelium and iHSP70. The results showed that positive iHSP70 cells were also positive with the endothelial cell marker (Fig. 2) .
Determination of HSP70 by Western blotting in the whole cardiac homogenate. HSP70 content and cardiac function were measured in the same cardiac homogenates of hearts. Whole cardiac tissue was homogenized, and nuclear and cytoplasmic fractions were not distinguished. HSP levels were measured as a fraction of total cell homogenate, which contained all soluble protein. Western blotting was performed immediately after the experiments to avoid any protein degradation with time. HSP70 levels were determined as a proportion of total protein loaded using the Quantity One software package.
Inducible HSP70. In hearts perfused with saponin the relative amount of iHSP70 was 0 in heatshocked hearts (n ϭ 6) and 0 in control hearts (non-heat-shocked, n ϭ 6). Without saponin, iHSP70 was 5.2 (p Ͻ 0.0001) in heat-shocked hearts (n ϭ 6) and 0 in control hearts (non-heat-shocked hearts, n ϭ 6). This is graphically shown in Fig. 3 .
Western Immunoprobing in isolated cardiac myocyte and coronary endothelial cells. After heat shock, the myocytes show a very weak band with a minimal increase in iHSP70 (2.3 Ϯ 2.3 vs 0.1 Ϯ 0.1 in the control group, p Ͻ 0.01), whereas endothelial cells show a greatly enhanced level of iHSP70 (18.1 Ϯ 0.7 vs 1.7 Ϯ 0.1 in the control group, p Ͻ 0.002) after heat shock. The level of iHSP70 detected in isolated endothelial cells (18.1 Ϯ 0.7) was significantly higher (p Ͻ 0.01 ) than that level detected in cardiac myocytes (2.3 Ϯ 2.3). These findings indicate that most iHSP70 detected after heat shock was expressed by the endothelial cells. This is graphically shown in Fig. 4 . These findings are reported in Table IV . To allow for comparison, total cardiac homogenate, endothelial cell, and cardiac myocyte HSP70 content were measured during the same Western blot, as shown in Fig. 5 .
Discussion
This study has demonstrated that after whole body heat stress, coronary endothelial cells are the major site of iHSP70 in the heart. In addition, when endothelial cells were chemically removed, the protective effect of heat stress on postischemic recovery of mechanical function was abolished. The data obtained within this study are relative and depend on a direct comparison of HSP levels; this is not an Each value represents the mean of six hearts (Ϯ SEM). Statistically significant differences were found between preischemic and postischemic weights in all groups. No difference was found between the groups in postischemic weights. C, control group; HS, heat-stressed group; sC, saponin-treated control group; sHS, saponin-treated heat-stressed group. attempt to give absolute quantification. When compared with myocytes, the induction of HSP70 is seen to be predominant in endothelial cells. The very low basal level of HSP70 recorded in this study could have been due to the sensitivity of the antibody and does not affect the overall conclusion, which depends on comparison.
Over the past decade, a large number of in vivo and in vitro studies have established the beneficial effect of HSP in myocardial ischemia in models of global and regional ischemia. 13, 14 In a clinically relevant model of myocardial protection for cardiac transplantation, we have previously shown that both cardiac mechanical and endothelial function were improved by heat stress. 15 Endothelial function has been shown to influence myocardial performance. 12 Although endothelial cells are known to respond differently to heat stress, 16 and despite the fact that endothelial function has become an important component of the general strategy in cardiac preservation, 17 to date no comparative data exist regarding iHSP in the different cellular components of the heart.
By the use of immunocytochemistry we have demonstrated that 24 hours after heat stress, when the maximal level of cardiac iHSP70 is known to be reached, 18 staining for iHSP70 is only seen in coronary endothelial cells. Cardiac myocytes did not stain for iHSP70 in any of the hearts. Whereas isolated endothelial cells showed a high level of iHSP70, isolated cardiac myocytes demonstrated a very weak concentration of the protein. The discrete localization of HSP in endothelial cells is unlikely to be the result of redistribution of the antigen across the section after leakage from the myocyte during immunohistochemical analysis. The method and subsequent detection of iHSP is similar to the method used by Mestril and colleagues. 19 By means of this process of fixing, no suggestion of leakage regarding the antigen from the cells was made. In addition, we have measured and compared the relative amount of iHSP70 in homogenates of whole hearts subjected to chemical denudation of endothelial cells by saponin. No trace of iHSP70 could be detected after this treatment.
To investigate the significance of these findings we have assessed the effect of endothelial denudation by saponin on the recovery of mechanical and endothelial function in control and heat-stressed hearts. Heat-stressed hearts displayed a better postischemic recovery of CO and endothelial function as assessed by the endothelium-dependent vasodila- The Journal of Thoracic and Cardiovascular Surgery Volume 115, Number 1 tory effect of 5-HT. Not surprisingly, pretreatment with saponin suppressed this beneficial effect on endothelial function. However, we have demonstrated that the protective effect of heat stress on postischemic mechanical function was lost in heatstressed hearts whose endothelium was removed. It could be argued that the latter findings might be related to the exacerbation of postischemic edema 3 . Determination of HSP70 by Western blotting in the whole cardiac homogenate. HSP70 levels were determined as a proportion of total protein loaded. In hearts perfused with saponin the relative amount of HSP70 was 0.0 in heat-shocked (sHS) hearts (n ϭ 6) and 0.0 in control (sC) hearts (non-heat-shocked, n ϭ 6). Without saponin, HSP70 was 5.2 in heat-shocked HS) hearts (n ϭ 6) and 0.0 in control (sC) hearts (non-heat-shocked, n ϭ 6). p ϭ 0.0001 versus control. after endothelial removal. This was made unlikely because no difference in cardiac wet weight was found between hearts perfused with saponin and intact hearts. The most likely explanation for the loss of the protective effect of heat stress on postischemic mechanical function could be the dramatic reduction in coronary reflow after saponin treatment. This is in keeping with a previous study showing a correlation between the level of postischemic coronary flow and the recovery of mechanical function. 17 This is also supported by the fact that normal endothelial function is necessary to sustain mechanical function. 5 To verify the relationship between coronary flow and postischemic function, experiments that manipulate coronary flow should be carried out. However, in the working mode this is technically not feasible because it would only be possible through manipulation of afterload.
It has also been suggested that saponin can affect cardiac myocyte membrane and possibly alter mechanical function. However, several studies using similar concentrations have demonstrated that sapo- nin has no effect on cardiac systolic or diastolic function, nor does it affect endothelium-independent function. 20, 21 In addition, electron microscopic studies show that even at a higher concentration of 50 g/ml, saponin only caused damage to the endothelium, whereas the underlying histologic layers were left intact. 21 Given the route of administration, saponin undoubtedly contacted the inner surface of the atria and ventricles, which could cause endocardial dysfunction. 22 However, at a concentration of 30 g/ml, as used in this study, it has been shown that the effects of saponin are specific to the endothelium and do not impair cardiac function. 20, 21 Data from recent studies show that after mild ischemia and heat stress (43°C), isolated cardiomyocytes express enough HSP70 to induce cytoprotection. 23 These data are at odds with our findings that after endothelial denudation no HSP70 could be measured in the whole cardiac homogenate. Although the exact explanation of our findings is unknown, it would appear that endothelial cells probably produce per cell more iHSP70 than the myocardium. Because the endothelium only represents 3% of the total cardiac mass, 24 the endothelial cells may not be the most important site of overall iHSP70 expression. Considering the implications of our findings, experiments that use immunocytochemistry (which evaluate the level of HSP70 before and after heat stress and before and after addition of saponin in endothelial cells and myocytes) could further validate our results.
To the best of our knowledge, no study is investigating the effect of HSP70 expression and the processes of endothelial cell and myocyte isolation; therefore we do not know whether these processes have a direct effect on the protein synthesis of HSP70. However, we can conclude that this effect is minimal because results from both the immunocytochemical analysis of intact rat hearts and cell culture show similar findings.
The question as to whether endothelial cells are capable of producing more HSP than other cells has been raised in different organs subjected to various stressful stimuli. 6 Within the territory of an experimental infarct, cerebral endothelial cells have been shown to produce HSP70, whereas astrocytes and neurones lying in the infarcted region expressed no proteins. 25 This was associated with a protective effect regarding endothelial cell survival. Similar observations were made in endothelial cells from pulmonary arteries subjected to oxidative stress in the form of hydrogen peroxidase. 6 To our knowledge, this study is the first to demonstrate the relative contribution of cardiac endothelial cells and myocytes in HSP70 expression. This highlights the crucial role of the coronary endothelium in the endogenous mechanism of cellular protection against ischemia. It remains to be shown whether these data can be confirmed in a higher species. These findings could have important physiologic and clinical implications. In conclusion, we have demonstrated that the main site of induction of iHSP70 is the coronary endothelium and that the protective effect of heat stress is mediated by the endothelium.
